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Previewshelps in the clearance of intracellular
bacteria. This expands the well-docu-
mented role of efferocytosis in the pre-
vention of inflammatory responses to a
function in the innate immune defense.
In addition, it is likely that efferocytosis
also plays a role in the immune defense
against other intracellular pathogens
(Chlamydia, Legionella) that are known
to inhibit host-cell apoptosis during
part of their life cycle (Behar et al., 2010;
Briken and Miller, 2008). Consequently,
one could now hypothesize that en-
hancing host efferocytosis may not only
help to prevent excessive tissue injury
during the immune response but also
help in clearance of the pathogen, since
Martin et al. (2012) showed that inhibi-
tion of efferocytosis in vivo leads to an
increase in bacterial growth. For example,
the high-mobility group box 1 (HMGB1)
protein negatively regulates efferocy-
tosis (Banerjee et al., 2011). Hence,stimulating efferocytosis may be one of
the mechanisms by which the treatment
of mice with neutralizing HMGB1 anti-
bodies enhanced the clearance of
P. aeruginosa in a mouse cystic fibrosis
model (Entezari et al., 2012). One
could thus envision a novel treatment
approach for tuberculosis, which would
ideally take advantage of the putative
synergy of new antimycobacterial drugs
inhibiting the capacity of Mtb to sup-
press host-cell apoptosis with host immu-
nomodulatory therapeutics stimulating
efferocytosis.REFERENCES
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To ensure spread from one cell to another, exocytosed vaccinia virions recruit cellular actin polymerization
machinery to blast off from the cell surface on actin tails. Humphries et al. (2012) now show that the virus
exploits clathrin to organize viral factors into a launch pad that facilitates efficient actin tail formation.Viruses are orders of magnitude smaller
than their host cells, yet they not only
take control of the entire cell, but assure
that viral and cellular proteins cluster
in distinct areas of the plasma mem-
brane to facilitate production and/or
release of progeny viruses. To achieve
this, it is more economic for a virus
with limited coding capacity to subvert
already existing cellular solutions. In
this issue of Cell Host & Microbe,
Humphries et al. describe how vaccinia
virus (VACV) exploits clathrin in a non-
conventional manner to organize viral
and cellular proteins at the plasma mem-
brane to promote virus spread (Humph-
ries et al., 2012).Poxviruses are complex DNA viruses,
which include variola virus, the causative
agent of smallpox, and VACV, which
was used as a live vaccine to eradicate
the former. During replication, two infec-
tious forms of poxviruses are produced:
those surrounded by a single lipid bilayer,
the so-called intracellular mature virions
(IMVs), and those surrounded by two
membranes. The latter can either disso-
ciate from the producer cell as extracel-
lular enveloped virions (EEVs) or remain
attached to the plasma membrane, in
which case they are referred to as cell-
associated enveloped virions (CEVs).
The formation of CEVs is a complex
cytoplasmic dance whereby single-envel-oped IMVs transiently acquire two addi-
tional membranes from a virus-modified
organelle. The newly formed intracellular
enveloped virions (IEVs) are surrounded
by three membranes. These virions are
transported along microtubules and actin
filaments to the cell surface, where the
outermost viral membrane fuses with the
plasma membrane. The viral transmem-
brane protein A36 is exclusively located
in this outermost membrane and thus
remains below exocytosed CEVs after
fusion. To enhance virus spread, CEVs
use A36 to direct the formation of actin
tails propelling them toward neighboring
cells (Cudmore et al., 1995). In a series
of elegant papers, the Way lab hasptember 13, 2012 ª2012 Elsevier Inc. 263
Figure 1. The Ins and Outs of Clathrin Subjugation by Pathogens
In recent years it has been shown that a variety of pathogens hijack clathrin for nonconventional
purposes. For entry, VSV uses clathrin-mediated actin-assisted endocytosis to overcome the size limi-
tation of a conventional CCP (Cureton et al., 2009). HIV has been proposed to use clathrin as a scaffold
to organize viral proteins during the budding process (Zhang et al., 2011). EPEC subjugates clathrin to
assist in the recruitment of actin during pedestal formation (Bonazzi et al., 2011). While continuous
protein coats underlie the plasma membrane in the case of VSV endocytosis and VACV actin tail forma-
tion, distinct CCPs have been observed during L. monocytogenes endocytosis (not pictured) and EPEC
actin pedestal formation. During the fusion of VACV IEVs with the plasma membrane, the outermost
membrane (light blue) is left behind. This event leaves newly formed CEVs resting on the viral membrane
deposited at the cell surface. A36 recruits the actin nucleation complex needed for actin tail formation. To
optimize its own spatial organization, A36 sequesters the clathrin adaptor AP-2, followed by clathrin
heavy and light chains. The clathrin coat serves to concentrate A36 under the virus, thereby creating
a virtual launch pad for actin tail formation. Upon initiation, AP2 and clathrin disassociate from the
base of the tail, possibly after having imprinted the necessary organization on A36 to drive efficient actin
tail formation.
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Previewselucidated that Src and Abl kinases phos-
phorylate two specific tyrosine residues in
the cytoplasmic domain of A36, leading to
the recruitment of N-WASP, Nck, Grb2,
and WIP, which in turn activate Arp2/3
and promote actin polymerization.
Adding to the list of cellular factors
required for this complex process,
Humphries et al. show that clathrin is
recruited to newly formed CEVs and
contributes to efficient actin tail formation.
Electron microscopy revealed a dense
coat at the plasma membrane below
CEVs akin to those on clathrin-coated
pits and vesicles. Humphries and col-
leagues demonstrate that the cytoplas-
mic tail of A36 is needed to recruit the cla-
thrin adaptor AP-2 and, in turn, clathrin
heavy and light chains to the cytosolic
A36-based signaling platform. The pres-
ence of AP-2 and clathrin beneath CEVs
results in more compact A36 organization
as well as more abundant and acceler-
ated actin tail formation.
Surprisingly, clathrin only transiently
localizes underneath CEVs and rapidly
disappears when actin tails begin
growing. As clathrin ensures the proper
spatial organization of A36 to drive more264 Cell Host & Microbe 12, September 13, 2efficient actin nucleation and coordinated
actin polymerization, it is possible that
clathrin assembly is only needed to set
the stage by acting as a launching pad
for actin tails. The transient nature of
clathrin recruitment begs the questions:
Is the removal of AP-2 and clathrin from
A36 essential for tail formation? Is
Hsc70, a chaperone that disassembles
clathrin, involved in removing clathrin
under CEVs?
Interestingly, the degree of organization
imposed on A36 by AP-2 and clathrin is
preserved during actin tail growth despite
the absence of clathrin at the tip. As
demonstrated by structured illumination
and confocal microscopy, N-WASP at
tail tips is more focused when clathrin
and AP-2 are available at the onset
of tail formation. Additionally, N-WASP
association with the A36 complex is stabi-
lized. However, when AP-2 is silenced,
actin tails grow faster and dissociate
more slowly. This results in longer tails
and suggests that clathrin’s role in actin
tail formation goes beyond increasing
the efficiency of actin polymerization.
The authors speculate that clathrin may
help maintain the balance between effi-012 ª2012 Elsevier Inc.cient A36 clustering/actin nucleation and
turnover of the required actin polymeriza-
tion components.
Deciphering how clathrin influences
actin tail formation after dissociation
from the A36-based signaling platform
will be of interest. It is conceivable that
clathrin’s modulation of A36 spatial orga-
nization leads to altered actin filament
architecture, or that clathrin recruits other
actin organizers that do not dissociate
from the A36 platform upon tail initiation.
Along these lines, electron dense coats
can be seen at the tip of actin tails
beneath swinepox CEVs (Marsh and Hel-
enius, 2006). While this coat may be
composed of only A36 and actin regula-
tors, it is tempting to speculate that addi-
tional scaffold proteins are present.
The canonical role of clathrin is to form
a transient coat on clathrin-coated pits
(CPPs) and vesicles, e.g., during endocy-
tosis. The discovery of clathrin as an orga-
nizer of VACV actin tail formation is one of
several recently uncovered nonconven-
tional functions of this versatile scaf-
folding protein (Brodsky, 2012). Given its
ability to self-assemble into lattices and
to organize the spatial distribution of
proteins in and on membranes, it comes
as no surprise that pathogens—masters
at exploiting cellular pathways—make
extensive use of this multifaceted mole-
cule. These uses range from endocytosis
of pathogens beyond the size of conven-
tional clathrin-coated vesicles (CCVs) to
a potential role in virus assembly, and
even the formation of bacterial actin
pedestals (Figure 1).
During clathrin-mediated endocytosis
(CME), the size of CCVs is defined by
the geometry of the clathrin triskelia
(Brodsky, 2012). Large objects exceeding
the size of a CCV, such as bullet-shaped
vesicular stomatitis virus (VSV), can be
internalized in vesicles only partially
coated with clathrin, which then rely on
actin to complete the endocytic process
(Cureton et al., 2009). Listeria monocyto-
genes also seems to use clathrin for actin
recruitment during endocytosis. In this
case the entry sites are studded with
CCPs rather than an extended clathrin
coat (Bonazzi et al., 2011).
It has become clear over the last years
that the scaffolding ability of clathrin is
not only useful during endocytosis. In a
recent study, Zhang et al. showed that
clathrin is recruited to sites of retrovirus
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virions (Zhang et al., 2011). This study
hinted that clathrin may be exploited to
assure the proper spatial organization of
viral proteins during assembly, which
may prevent premature activation of the
viral protease, or assure stabilization and
incorporation of proteolytically processed
viral proteins.
Enteropathogenic Escherichia coli
(EPEC) injects a bacterial receptor to
recruit clathrin as well as Nck, N-WASP,
and Arp2/3 to induce actin-based pro-
trusions, called pedestals. In this case
clathrin does not underlie the entire struc-
ture, but rather CCPs at the pedestal
surface serve to organize actin polymeri-
zation and recruitment (Bonazzi et al.,
2011).
Similar to the situation in the cell, these
various pathogens recruit clathrin using
different receptors and adaptor proteins.
VACV and EPEC use receptors of path-
ogen origin in combination with cellular
adaptors; for endocytosis of VSV and
L. monocytogenes, both cellular recep-
tors and adaptor complexes are exploited
to recruit the clathrin. Conversely, during
retrovirus assembly, clathrin is recruited
to the sites of budding by Gag or GagPol
polyproteins without the need for cellular
receptors or adaptors.
The recruitment and polymerization of
actin at membranes involves multisubunit
cellular complexes. The need to organize
these signaling and recruitment platforms
may explain why clathrin is used in such
a variety of ways to facilitate the formation
of dynamic actin structures. During CMEin yeast (Newpher and Lemmon, 2006),
L. monocytogenes endocytosis, and
EPEC pedestal formation, clathrin lattices
directly contribute to actin recruitment via
clathrin light chains and the clathrin-actin
adaptor Hip1R. It is interesting to note that
clathrin recruitment is essential for these
processes. For VACV, clathrin recruitment
is not essential, but rather serves to
enhance the efficiency of VACV actin tail
formation. Clathrin is thought to indirectly
contribute to actin nucleation by main-
taining the optimal spatial organization
of the actin regulators associated with
the A36 signaling platform. However, it
remains to be determined if clathrin under
VACV CEVs interacts with Hip1R and
directly contributes to actin recruitment
as well. Interestingly, effects of Hip1R
silencing on Rickettsia parkeri intracellular
actin tails resemble those seen on VACV
actin tail formation after AP-2 knockdown
(Serio et al., 2010).
During CEV release, fusion of the IEV
outer membrane with the plasma mem-
brane results in enrichment of A36 under
the deposited virion. However, a different
situation arises during VACV superinfec-
tion repulsion, when early-infected cells
use actin tails to pass superinfecting
CEV/EEV from one cell to another (Doceul
et al., 2010). In this case A36 in early-in-
fected cells is delivered to the plasma
membrane by the secretory pathway. It
will be interesting to determine if clathrin
is recruited to these virions as well, and
if so, whether it is even more critical for
the spatial organization of A36 in the
absence of any a priori enrichment.Cell Host & Microbe 12, SeThrough the years, VACV actin tail
formation has proven to be an ideal
model system to study the molecular
details of actin nucleation and polymeri-
zation. Humphries and colleagues have
now paved the way for more detailed
investigations into the clathrin-dependent
organization of both VACV A36-based
signaling complexes and the actin fila-
ments that make up VACV actin tails.
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